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Approche analytique Approche systémique 
Isole : se concentre sur les éléments Relie : se concentre sur les interactions 
entre les éléments 
Considère la nature des interactions Considère les effets des interactions 
S’appuie sur la précision des détails S’appuie sur la perception globale 
Modifie une variable à la fois Modifie les groupes de variable 
simultanément 
Indépendante de la durée : les 
phénomènes considérés sont réversibles 
Intègre les notions de durée et de 
réversibilité 
Validation des faits par la preuve 
expérimentale dans le cadre d’une théorie 
Validation des faits par comparaison du 
fonctionnement du modèle avec la réalité 
Modèles précis et détaillés mais 
difficilement utilisables dans l’action 
Modèle insuffisamment rigoureux pour servir 
de base aux connaissances mais utilisables 
dans la décision de l’action 
Approche efficace lorsque les interactions 
sont linéaires et faibles 
Approche efficace lorsque les interactions 
sont non linéaires et fortes 
Conduit à un enseignement par discipline Conduit à un enseignement pluridisciplinaire 
Conduit à une action programmée dans 
son détail 
Conduit à une action par objectifs 
Connaissance des détails, buts mal 
définis 





AD A  D B BAB)B"1   $  A DBABCD 
		ABAB)B"AFB& 	BCD(DADB
%D&%BAB%	C%%DBBDD%AD
 %DBB% +	U	 $ 	U	 ))A, A    B	B


















  )BBAB  !AC	"  F! %D%  DADB %D &
B	B1
–  %A ADAD$ "B DD% 3 +DBAB  % 
	%A$	A$!AC	,BADBAB%ABV
–  %A )AB$ "B DD% & +%D$ WAJ3JBD &









		+ 	%&"  !AC	A 	B @"B DA$ WAJ3J
BD	BB&%D%DBADAB	AAB,
9DSBD$!AC	%A%DD&)D	@SBD$A1
–  +!AC	  AD	B, D% D  %DBB%  BA1 B
ADBAAD	BB	!AC	%	C$%D	AAA
DAB%D%DV
–  +!AC	 )BB, %AB	BA "B ADBA  B&  AD9ABD
%AB	  !AC	  %	C  	  AD9ABD
BDA	A%B8A!%!AC	D%D%DBB%	B
  AB  )BBA$ WAJ3JBD  %D%DBA D %D  	%DA	A
!AC	$A3B))DBDBAABBA$"BA%D%DBA))B
%D  !AC	  B	% 3 B SBD BAB ADB A!%  )BBA1 
)BBA)	A)B!AC	V)BBABAD	BBD$AV
A)BBA%DAB$WAJ3JBD9AB)
.DDAD %D "A 3 B  +D%  %DAB %DA 	 %D 





+ )BDAB 9A %A  DAB AD  9A A D
AADBA,@/$#'A
 	   )BBAB$ B A %B  DABD B" 	A
BDDAB3AA!AC	@/D!$'66V:D9B$'66#A1
– BADAB1  AD	 B  B BAD  !AC	 DBA 
B))DAJ	A!AC	AD&;!AC	AAA$"B
BB)B"DABDD	ADBA3	%UDAABD9AB)
	BCD %AB	V  	U	$  9AD  	B)BD  B &BAA
B	B ))BBA  !AC	  DB  &BA 	A
%%	ABDAB)V
– ADAD1%BA BBAD  )BA""	%A!AC	
BA  BD AADBD  % %DABBCD %D " 	 %B
)ABDDDA	A8%BAB	AD%3B"DAA
"B B	%  DABBAB  DBAB A  %%	A 
ADAD%DBBA3D%D&BBAAB&" !AC	A
	BV




  B)  AADBA A  DAB  ABA	BD%B",V
BAD$ A +%% D  AB  DAD  %	C
	D%B" D  B 	BD%B",V !DB"$  "B 
+%DBA D"  B) A A A AD B&
&DAB	A	A,VBDB"$D"3+B)A
3DAAD	BB)A3AD	,V%A
   !AC	 B& +D"  A A BBA 
%	C "B ADBA 3 )DD,  )B D)&B1  +%A
]D^%DB	%A%DA%	C"BDA,V
– AJDBAB1  !AC	 A %  	 DBB  
BADAB AD  	%A BA  % 3  )AAB A 
9A	ABD  )AB	A 	"B%DA 
)D	BADAB$DADABA%D	A)&AD	AAA
B)D	ABBD)AB	A!AC	V
–  DADAB1 B BA		A%D	A"B D  ABBA
 !AC	  F! DBA  		A 		  + )D	
%D	AAA D  ))A   AB A  %AD 3  BA
)AD DY & %D)D	 %, @ F!$ 7A$   
DADABAB











– 0 !' - $">?   A&#$&@  ABBA  !AC	 	 %DD 
	%A%D9ABDBA ABA BADA 	A%
 	AADAADAAADBV
– 5 !' - $">? !"A @  HB B  A   ADB
A " 9A BBA AB  B)D	AB E %A
  D%DAAB AB BA$ AA %%D %D	A 
BD  D  	%&BA %%	ABD %D  "B)BAB 
B)D	AB  B AD 	A ADA A DAA BAB)B  B
%DAV
– ) !' - $">? %&% % "! '&@ 8B DD%  % +
9A 3 B)D	AB B))DB & 9A  BB B))DB,  
BBA)BB		+		9A!A	U	%%D"
B)D	AB$  	U	 %%DA @ B&A$ A  %D%DBA &B
	%	ABD 1 B A %D	BD %D"D AB %D)BB$ 
	B)BAB	%DA	A%DD"B DLBA
B))DBA%D	BDBADA,@ HB$'66#A8+%DD,
A & DADBAB"1 B BACDA &B	A 3  %D




– A!'-$">?! & "A@;%DB)D	ABAA
AA  %D  		BAB 8 DBD AD	 B	%B"   
HB  )AB BB D  C	A%1 		BD$
%		BAB %DD		BD  BAA3 BADAB
%DBBAABV
– . !' - $">?   ""A%"!!@  	  B&  !AC	
BACDA %D D%D & 	 "B A D  !AC	  
%DD BB$ B)D	AB A  %DA ABA 
BAD&BAADA%D%D3"!AC	A"BA%B
	BDV
– B!' - $">?  #!2%"! "C"A#!@  BA  %BA
9A3DDB)D	AB!	B"DBD%DAA3
%D B)D	AB ADA 8B ADB 9A 3 %%D 
 B" "B B A %D%D A   & 	%DA	A
AB3!D%D8B3"D%DBBB$"BBA
)BD ) 3  	  & 	A 3 %DD  	%A$ 	B










 )BBAB$ BABJ%AB D 3 A% %DA A 
BBJAB
"DADBABDFBAB
 BADUA  %%D !A	B" A  )DBD  AB BD %D

















AD	!	B" 		  !AC	 + DAB %D	A  
BD	A @ !AC	A$ WAJ3JBD "B   DB$  
	ABCDAB)D	AB$ABB	BABDBAB$AD
DAB"&D  A	%1 B D9AA AD%B$  +DB, @














ADB  %DAD  ADDB	B 	A  )AB BA  %%DA$
%D)BDA  BABAB %D% %D F @F$ A AD E C




–  !A "&A"!!$ DD%  %DAD ))AA  ADB "B A 
DBUADDBABV
– "  A&#,ABA%D	BD	A%DAB	BBADAB
 DBAB  DD%  	D &" A )B 
D%BBA%B	%DAAV
– $#!&AA,$&BC		A%DAB	BBADAB$D	
 	D  %D&B	BA "B 9A  DK  DB AD 		A
ADAB" A %DAD 8AA BAAB BAD	BBD D  
)AB  ADAB  BB ADAB" 3 ABAB  ADDB
%DC	A 3  )AB  D	A   DAA  ABBA
"ABBV
–  !"AA$ DBD  ADB 	A   %DAB 	BBADAB 
DBAB$ DBA + !A "B ADBA  ADB  AD A
"B$ DY 3 D AB"$ BA DBAB 3 %AD 3 
BD	A,V
– "!"!$"#,ABAA%DHBA<D	ABADA













  %  A% 3  AD A	D" %D %%DBAB  DB$
D	AAA 9  DB DBAB 	V 3 "%BD$
AD%DB%ABA%DDD$BAB%D2AD;	AD%3















%DBD 8 DBD DA % 3 %D%D	A %DD  )AB
%DAB$	BDAD%AAD"BAA%DABBA
;  BABAB )BA %%D2AD  )BD  !A   BBB 
ADBBA3%%DBABAY%DAB%D$)AB
%DBBAD%BBAADBAB
   DADBAB"  AA DBAB D  	BCD A
   B)B ADAD DB  DBAB   	%A
8AA "AB 	C 3 DBD  !AC	  %BA   !	B" A
 AA  %  %A BAD% A BADAB  BA 3
		AADBD%DBBBADB$%B"BBA
)BDADBD	AD!AB"ABB))DA
 %D	%&B)BAB  ADADDBABBA
 %DC 	D  & 	  DBAB  AY
HBA<DBABB"	B	DBAB1
– $? !  $1 HBA<D  )BBA 		  	B	 
DBAB+%DB	%		BAB B)D	,  BA	B	




–  A'"! %A1  	B	  	A  % D" DBAB
AABA	DBAB"ADB	%B"DBABAY






WAJ3JBD + %D ]"B^  AD BAB   D%BBA 
ADBAD,@HBA<D$*A%DABB%BB	BCDBBDA3






HB 9AB) DA  	U	$ 3 BD  B	BAB  B 
		BABD	%B	AAYBA%B)BDC
DBBA%$	%AADAABA%DAABD




BAD%D)BA	A  A!% ADBAB1 %DAD%3 






  ADBAB  "B)BAB D	%  & 	B	








8)D		A3 !%D %DB	!B DBAB$
	B	A%&B)ADFB9A	A	AADC
 %DA$ %%DBAB  %D D  D	A B	% 
DAB  %DBB BDA %D BAD	BBD  D  A% BA
BA3%%DBAB)BD!A"BBDBA		A
ADBAB DABADAD ADKADB%





ED&	A$HBA<D )BBA 9A	A	A 		 	B	
 DBAB  % B	A %A %D  %DAD   D 
BAAB%	%& B	%BBA	DAB$D









	 DB 	A  A 3  DABD1  A 3  BBB 
ADB$ &BA  	B	  DBAB A  BADAB AD
	%A  !AC	 DBAB BB "AD DBAB  
	ABD	A
HBA<D  AD D  ADADDBAB"B)BBA 		
+ 		 AA  	! 	%! %D BBD  ADB AD AY








; &BC	 %%D$   +, A B  	% 	BDJ
	B"$A%D%%D=D!DBAFa DA+
		BBBBAABA	DABAB
AB, @=D!DB _ Fa$ *A 8"  	A BB  %BA +
ADAD %D 	%D 		A %DBB%  JAY$ )B 3
BBB,V%ABBD	D3	DKBADA$
" AD %%DAA +AA  	  D% 3 %BD "AB
B 3 ABBA  ,   AD )A D BADBD  AB 
+ADBAB,
; ADBBC	 %%D BA 3 BBAD D  BADDAB =BB

















8AA DBCD )BBAB  	  % BADA   	
AA)BBDB%%DAD!	B"D%DA)BBAB
!AC	 DA  DBAB %DDBA  UAD   D +	A
DABADB))DA	A&9AB)	%	ABD"B%DBA
  BA %A  "BA " A %  	%A$
	%DAA  %A ADAD A  %A )AB$ A A  %D
BADADABADBABD	AB		BA,
"DBF	BFBDFBAB
8 	A  )BBAB A BD %D 	%DD DBBBA 
%	C DBAB BB "  	%&BA   D  
	AB%BAB )D	DBAB AD2  DAD )B	A
%%DBA3ABDAD
  BB  DBAB  BB   AB %DC$
BA 3  	%&B)BAB   %A B))DA %DB	 A
BB9D$D%DA"BCD%DA8AAJAB
%AB3ABD 	 ADBF9AB)$ 3 ADD 
&	%BB$ABADD AB%DB	AB"AADBA
B	%BBBAUAD&AB)DADB
  %D	BCD JAB BAD 3 %%D B"$ BA DAB$
D C  )B  GC BC A   DA  GG  B  
ADB 	BD	B"   &BC	 JAB  % BA D
%%DA	%DB$BA%%DBB"$"BBA%DB	%A












 DD%D	A  DABBA/DBABCDBC 	BCDA
 DABB	 	BA$ AA 	D BA 3 BDD DBAB
A AA 		 !AC	 AB"% "	B   AD A BB
%DBAB" DABBAABB&	B1AA
D$ABAB"DBADB%DABBA$DY3
BAB %D	AV BA$ 	A  % B" "B BA  
AB A DABBAD %D%DAB) B	%DAB)3
AA%"	2ADB4AA	&B	BAB%D)BAB	%))A
DD%AB	BABAABAD)
  %D	BD AD 3 %D  %	C DBAB A =	 F	BA
!ADBFFCFAEDF#$A	BA	C%D	BCDD)&B
DDBAB$	)AD8A3B"DBA%ADBA
 %A  BBB  ADB "B DB 3  B	B B 
DBAB  &	% CD  %D  %DAB  BB$
BB3AA%"B&BAA%B))DA$BADAA+)LA
ABBA ABB A AADB &B))DA		D DBAB ]
"BABD^			AADADB,@/A$A
8AA %AB DABBA  AB DBAB AD 
AB	AADB		ABAB)B"%D%%D.DDBM
!D AGG BC$ +DBAB BAB)B" ADB, @0FA
 9AB)  AA 	A A   BA  %DA D	BD 
DAB AD  )AD AB"$ 	B" A 	B   D
 %DAB DABB %D )BBD   FE "A$ AD %DA$ 
















ED	AAD  %  A!% DBAB$ B A  %D BD 
)BBD  %D  )DBAB  % 	  A	% A  DD
	ADB %B   BBB &ADU	  ADB  A  "V 









)BBAB  	%A %DB AD2 BB %%DBAB   






–  $&# & A%"!!$$ D% D  D!  %DBDBA DD
AB %BDAAB	ADADDDADBABA
AB  A	1 AA AB B	%B"  D%AD %D D%%DA &
%DAB"ADBAB ABD$"B%A%DD)D	DBA
BB$ADBDBA B	BADDAB
 %D 3 %D$ AD ) A D1  )BA BAD AA
%ABV
–  $&# &A , )D +DY,BBB BA 3
BAB	BA%)DBD%BD)D%DA1
ADBAB A  DBA A %   % A 		  BAB	BA




A BAB	BA"  D%D%D  A&A BAB)A%D





B	A %A "  %DD  A D 		




– +&BA  DB )BB A   	%A DBD	A
AD	B%D  B DC	A$ DA"  )AB AAA	A




–  BDDB  )AB$  "B A BD "  !AC	 	BBADAB) A
)DA	A ADAD  DB AD A  %A  BDAB$ 
%BBBA)BD%%BAB)DBD3BA%DBDV
–  DDA	A  )BA D D$ &	  B%K	$  "B &B 
BA)D	AB%BBV
–  D	DAB DBCD  )ABBD   )D	  BD )B& A
 DADBA D"B "BAA  DB  (AA   ADBA	A A
BDDB  )AB   BDDB BAD  	BBADAB A 
B	%DAD%BBAV




–  %DAB 	%CA AD  )AB A 		 "B %, @.D$
#*A
  	C$ D 3  	U	 %" "  AD&  !D$
DBABAA AAADAD"BD BBF		D
A AD 	B 3 DC "BBA UAD D%A%D DD 
)AB	ADABAD	B&	B
""DBFB'DB	A	B
  "AB  ))BBA  	C DBAB DAB D  





AD 	C A  AA  D	BD 3  B	BA  %D AA
%D%D	CD%AD	%CA %DBB% 0F  ADB






 %BA  %DAB  B  		AB A "B%	A$ B
	A%%3DDBJUADADBAD
  %AA BBAB   AD& A B	%1  	AB%BAB  DC$ 
)D	AAB  D%BBA$  D%ABABBA &ADU	  AY A %
	%U%%DBAB+)DBAB,@8RBA<$*EA3ADB
%	CDBAB$B%D %%D DAB8 AD	 B 
ADB	BBABD AD  D  ! A  8RBA<  B
%DBAADBB	B	%D)BADBD%
BBABD	A))AB)%DAB$"BA )ABBA$ 
B	A$  DDD 	BBADAB  		A 	B DA  D%DB
=%%B" 3  D)&B D  )AD 	B$  )DBAB A 	 
	A B  DAB B A 3 AD  ABBA A A
))B  BB	BAB%D$  B%D A AA&	%
)DBABD	AAA	BABBA	B
8 AA AD  D  &%DB 	 %D BM A
FABDD3 SAD(ADB8	%!AD'5AE'"BBA3
BAB)BAB+))A/RAD,1%DABBA%DADD
	A %A  D  &%DB BAA 	ADD B	%A 
BABADBDBJUADBBBA%DABBA$!	%DB
D"  BAB BBABA 3A	B % DB)BAB
	%BDB"  ))A )B"   BDAB  %DAD D 
%DABAB$BBBB%DBADUA%DA3DADB%D"B%
DAD$A B	%DA %DB	%ADAB	BA
BB A 	AD EBD %	C A BB A BAB)B 		 
!	%AK	A	BA	BAB)$ADBAB	B"
%D  %DA ))BBA1  	D  )BA BB "  A&  DCV 
ADD$ WAJ3JBD AB   )BBA 3 AD%DB  3  %A 
BADV AB	 A  DAD$ "B	ADBADUA %D D%%DA 
ADBV BA$"B%AUAD	B)AAB	"%DB




 D   )D	   )D	BAB A   DAB  ADB
%DAB$  B)D	AB A  BB  ADK A  B)D	AB
)AB @HBA<D$ *AV A  A BDA %DA %D 
%DAB" B)D	  		BAB AD AD$  D  &
BDDB"BBAB	A%D
8%DAB" B)D	$b+ B%AA )&BABAD 







& DBB   %D	BCD D DBAB  ADB1  DD
	ADA"B A "B	A B	%B$%D !AC	 AA	A D$
)ABD  	BB		 B B)D	 AD  AD    A
B1BBBAB	%	ABB%DBD ADB
%A  DD 3  B	% BAB  A AB" D %D 
%DD
  BBAB   DA ADBD  BA 3  %DB  	%A 





ADADBA ADC	D"$ b BA  A  DBD  +B,
DBAB%D	AAA%AB	BABABABHB%DB
	%ADD	BDBABDAB3BB
% ADABBA7  %	C DBAB   D$  DAB
ADBD	AABBBAB9AB
 DBABADABABAADAB(A	!%D"
 BBB DB A   3 D AB A ABB%A D 
C	A 3BD8%D BA 3 DABB	 BBB
DAA  D%DAAB  BBB %D &J	U	   A&A
DBABB" BAV"A&+DA, @	%A$A
DABAB3B)D	BDB	$%BABBB$
A  %D%B 3 BD D BD 	AD   A	% A
B	%DAA ( BDA  B))DA AB )D	$ 		 
DBD		   %DD$ "B A AA 	A %D	AAA
D	BD  DAB BADJBBB 8 DA A   DK
%B"%D	AAA3)BDBDDAABBA"ABBAA
AAB%DABBA)AD@=D!DB_Fa$*A
(  $ DBAB ADBA BD	A "  BBB
AA%D	ADDABBA$BABBD3%D9AB
AB)   )AD ED BD A  %D9AD$ B A BD "
BD	A DBAB )  %D  BBB B	%B"  
%D  	MB$ )BB 		 + %%	A DAD%AB) 











A "ABB @SBM$ FAB)) _ 0A)$ '667A 0 DAD BB  AB
A	A"BB  )BA" AAAB BBB BA3DD
B)DA&A" BD	AABBBAD3
AB A BA  %D	CAD A  AD B) A A B) %D
AB BBB   	MB A   %D %D9AA 
BBB +  )& BBADD	% BADAB  D " B
ADBA"B)A$3%DABD"B%DLBABAAB
DC	A,@CJD	<_=ABBD$'66#A8	A
BA A  )BBA  	MB "B B 3 ADADD AB 
BBBA%AUAD"B)B%D	ADAB






	U	 BAAB$ %DA C D 3 ADJ%B  DAB A  BA 
BBB$"DABBABA
 &BC	A%DD%$BA	ABDBD%DSBM
A )BB 		 + 	 BBB %D9A   "
BADABD"BBBADBAD%DAAB
DBD	AAAAB	BBADD
  ADAD, @CJD	< _ =ABBD$ '66#A 8 BADAB
BA3ADABD%DAAB%DAA3DBAB
ABBBB
  ADBBC	 A% A  " BDA   %DA =%AA 
%BAADABBA$SBMAB	"A3BAADBB
D%"BD	AAADBA$BADAAD)D	
%D	CAD  AB 3  BA  +)BAB DADB, @CJ
D	<_=ABBD$'66#AED&	A$ BD	ABBADBAA
BA 9AB A  AD)D	   ABA B%A  %DBA 
AD
  "ADBC	 A% A    		BAB FB  9AB) BBB






  B"BC	 A% DD% 3  %D  DABBAB A 
B	%B)BAB  AB	B DL %D BBB D +B A BB% 
B	%B)BD  D %D  D  	! BD, @CJD	< _
=ABBD$'66#A8AB"	A3BAAAA%"	A
 BD	A 9 	%DB A B   BA BA
%B




A DD )BBA , @SBM$ 7A$ D!A 3 B
BAB%DAB"@9D$'66'A




 %D 	MB DA 3 ADBD BABA %A 3  BAAB
DAD	U	$BAAB93$%D
%D%A%D%ADBABA&ABBAABV
J ADDAD%AB 1 BBB%ABD"B )BAA%D"B
"%DC BD )BA )BA$ BB		DBA B)	9D
D  )L A C	A D DBAD A %D "A D  
3ABV
J B	%ADADADABBD	A1B&BABDB"
AD AB A DAB  $ AA DBCD  %A BD B  
%D	BD  AB   " D BD	A  BBB$ A
D  )LA%D	%DAB	B"B ADA(
DAD$  DAB  B) D  )D	 AB A D  )L
AAD)D	DBD	A 	MBDA3ADADDA3
ADBD BD	A A%D	A  BAAB B)BBA
BBBAV
J ADB1DABABABBBB$"B





%D	  ADB BDV A B"	A D" %D %D 
A	%  D)BD 3  "B A % "  C	A  DABA







J  %DBB%  %BBBA %AKA " B  %DBB1   D
DAD%AB	AAAD%DAB		BDFD	%BAB







AB AB A  DAB AD AD BA UAD )BB 8
DC )D	A  D )BBA  	B ABBA B %D	AAA 
BBD   &B  %DAB A  DBA %D  )BBAB 
D%%DABDDB"$AB"AB&ADADDBAB
8 DC A BD D  	 %A D  )AB	A 
DBAB A 	D  %BA   AB"$  	
%A BAD  C	A 	%UA  DBAB  9AB) 
%DABV%BA!	B"$BBA	%UDD%ADB
ADABAD%DAABBBB8	A3AD	
%AB  BD 3  	%BAB  B BA  B))DA
	%ADBAB
E 3 % %DB  	%A   )AB	A B @QD	B$ '6A$
BADAB   AB  DB" BA 3 DD  D%%DA 
DBAB3DBABA%D=DDAAAB	C
3  %D  "AB   D1 3 "B  C	A  BD AJB
?
FB  )AD %D	A AB" B & 	ADB& A & AB ABB
BA 3 %DBA$ "AB DABBAB%D 		A 	A
)AD  )B %AAB8   AD	  A  !$ AA
AB    AB 	AB"	9D %B  %%DBAB A 
%D	BD B  !A	ABAB8AA AB  %D 9A  %DAD AA
AB %DB	AB" A  " D  BB  BA A 
)AD	B$	%A9DB%DAB)ADDBAB 
%D	BCD JAB  BB  ADD D  AB BA A D 





%DAA AA )BJB D AB  %DB	   	2ADB  DB"








D%DAAB 	D" %D  )ABA   +D	BA,   A!%
C	A @EDDR$ *5A  %%DB BAB)B"  AA AB %D
BAD	BBD  B  D ABA 3 DAB  ADB 
BA D%A&DBACD BAB)BBA A%	C DAB	A
DA
 BA%%DBAB)B"BA$BB"%A
DB"$ A %DAA D UAD  B B  %%	A A 3 
	%&B)BAB DBAB 3 AB %DAB  DD 3  AB
AB"%%D)D	AA%AB%DBD&ADBA
AB  D 	%D DA 	   BA 3 	A
B	%BAADBEDDDBABDBABB3DD
"AB DBA D)AB	AAC	A&"
 ADAD%A UAD &%8AA AB BB  ADD D 
%D%BAB)BBABAD	BA AD%	CA
))A &ADU		A BD A DD B B  DBA AB" "
B
 
 ED UAD "B)B  BAB)B"$  %	C BA UAD1 !A	AB"$ WAJ3JBD






  )BBAB D	A %D% A 	AB% ; %D	BCD
)D	ABDBA$ ABDBABBD BAAD$)BBA  AD	 		+
"B BA )DABA	A,   B&  D BD DC  %AB
	D"%D  BAA B	%DBBBBA A%	C>B




! 9AB 8AA )BBAB BAD  %DBA  	  %
BCDAB"$DBA%D=A8	A
; %%D % +%BABBA, B	%  DBD  )BBAB   AD	
ZDBB"	A%DA$BAA)BB%D8DAB		+
AABA 3 BADBA  D% 	B D %D BA  AB BA A
B   &ADBD,   DDUA  A  ' AD 5
 BADAB   AB  BA )BA  BA  DAA 
2	A)BABABB9ABBAB)B"
8AA )BBAB B 	A  " AB  BA$





DB	A AD A	B	AB"$ A %DBD  A% 
2ADA,@CBDBB$'667A
8AA%D	ABADBD ABDB""  BAAD)BB		
+%DB"ADABD, D	F0-8(:BE




  D	 NF0/F=F *66  )BA "A 3   +	BB  




DBAB A &%  AD	 )D" A  DBA  % 
%AABBA  DB" 3 BA "B  DAB ))A BB %D 
2	A)BADAADABBA%D







D%$ BADBAB3AB	B"$  DBA%
BD	A   AD   "B)BAB  C	A %D  AD	
DC%DB%D%D3AADBABADB3%D
AD*
()B$  BA  DBA %  A   ADB  !  BA
%D	ABADDDBA!%%	CD$A
C	A	%B"%@FA_F		$A1
–  BA  %DJBAB1 B %%  AA  D	BA %A$
D	ADDD	ADB"BB"
D	 A  !AC	  DBA$ )D	A %D  D 8 D)DAB
ABAB)BBBBDBA	B"B%	A
D	ABA)ADV
–  D$  C	A %DB%BAA$ A  AD AABD AAAB 




– %DB DAB	A$ "B BA B		BA	A  D%DB ADK
  BAAB1 AA A% DD%  D	A  %DAB 
DAAD%  BAAB( DD%	A3DB BAB	BA
 D%$ 	% %D  DD   	BBD A
AADBABABV
–  % %%DAB$  D9A	A AD D %A %DD 
)D	%D"UABA@FD_HD!$A$WAJ3JBD
 BA  DBA 	 %D  DB	 &ADBD D 
D		AB3B	ND"UAA!@N(=A
	BDAB"$%DBADDAD&%DB>
" BA  	BA$  BA$  )AB   	%D A  






	AB A  DD 3  	%DD  D   	%&BA  AA











	C BA 8 !AC	 %A BA 3 &%B"D  C$ 
D	A A  A!%  AB 3 %%DAD   BA 	9D 8AA
JABBB%DAD%DBB%)	B	CBAA
ABD  %DBB% DADBAB"   %D	BD %DD%  BB 
ADDDCD4DA)AB	A@F.A &BC	%DD%
%DAD BA  AB DDD 	B$  DBB A  DB  
C!BA ADBBC	%DD%BABADD3




  AB 	D BA A %%D   A   FAB
ADB$ 3  )B  GC BC   	BB	$ "B DADB AA
AB BJAB"$  BA %%	AAB %  %
	%& A%BAD DADB%D 	%BDB	$  AB"
)BBBA  AB ABB A  D  ADADAB DBA %DC 
F :DD 	B$  B)  & )AD DA A
D$  AD 	BD  DB" AB" %D  ABBAD 
%D	BCDBABADA%%D%B"	B	A
% 	B" ABB%D  )B %AKA " AAD  D
 C	A  BDV BA$ %%DBAB  B	BA  %DAB"
	%BDB"  	2ADB  DB"   	%&B)BAB &%AB 
!AC	 AB"$ DAA   	B 		AB"   ADBBC	




	D  BBA 	D   BB%B BA 3  DD 
	2ADB   4DA  )AB	A  BB  & 	B @ $
'665A1
– 9AB) AB"BA3DD  )BBBA !AC	ADD
B%BBBA	&B		"B%	AABBV











– 	BABBA$ 3 BD %ABA ABA3UAD	BA DAB
  AA  "  %A 	%BD  )AB D"B$ D" 
	BAA	%BBAB%DDA
	!%DDBAV
–  DBA$  %ABA  ABA 3 BAD  )BD %%D2AD$  
BAB$C	ADBAB"AAD%B"




– !  !AC	1 %D BAD	BBD  ! )AB$ 
%DBB% )AB A AY  !AC	 A D%DADB BB " D
BADABV
– BAB)BAB  DB"1 B BA A  ADB &%DA c "
)AB  !AC	$  DB"$ D " A BD	A




AD  DB" %D  )BBAB  DB BA  	A
%D	AAA	BD2	A)BA$			ADD
 $ A ABB ( %DAA  %	C D$ A AB
%D%  D%DAAB %D	AAA  D	AD 3 - @A
%B@AV
– "AB)BABDB"1BBAABD%DBBA
DD DB BAB)B 	ADBA " %BA
BAD3%AAAB"!	B"!AC	
FB AA A  DB" A 3 DBD  %D$ B A BD  
)DAD3  DBA$ WAJ3JBD3 BA$%DDB)BD %DAB0
A3%D&)	A4DA)AB	A %AB
DKC	ABD		DBAA
!AC	 %  %DC	 )	A %D  DBA %B"  B 
	D BA A BBA$ 9AB)  AA  	A ! 
DB"$ %DB%DDB	A DBAB ADA "B B A
BD %D %BAD  DBA ( AD AD	$   %D 
 
 /=P0E1/=PD 0EDBBA! V =H(81 =! H  )B$  D







	2ADB   DBA  !AC	  %A D " B  BA
DBA=AD	A$		ABDB DDBCD	B%3BA
 !  !AC	 A  DAB  DB )ABA ? FB
AB	A  A  %DBBA  )B %D	A B	BD 
)B%B$AABB%3	%DDADC	A$
WAJ3JBD  "B  BA J3 DB%AB%!B" 2	A
 )BA FB  DBA A$   BD$ )BB 		  %D%AB
%DBB% 	D$ BA A  %DA  ADK "B D%DA DA
%D&	A   D   %DB	$  	! 3 B%BAB
%DBDB!AC	A4D
ADDBAB"%AUAD%%DA3	A@ $'665A
%BA   AB" AA D$  %D	BCD B	BA A    %DB 
	%A   	AB BA  C	A   B	ABA  	 
)B A  ))A B))BB	A !   D DD 
)B !A A 3 B	%B)BD AD 	D  D%DAAB 
!AC	  BADABAD	%AABB%%DB	%AD
"	%&BA$)BB		+!AC	ABA			A
)BA 	DD   %D%DBA$ B))DA    	A$
%%  %D%DBA 	DA  !AC	, @$ '66A  !AC	
AB"ABAD%D	%A	AA@EDDR$*5A
;AD	AA3%DD	%A1	AD%ADAB
 	BAB  BA$ WAJ3JBD +AB DAB A 
ADAB BAAB$ %D 	%BAB  !	$  	C$
%ABDDBABB%	C%DL	%&$A	%B)BD
DB	A  AD %D9AA  BADAB BD  B 
%	CVDB	ABAA		A3ABB%D"









DB"6 ( B	BA 	A  BDB	BAB AD  C	A1 













& D  %DB  	%A  )AD B& &%DB	A  B 
DBAB$%DBAD	BBD)AD	BADBAB8A




FB %%DA   F.  AD	  DBA AB" A BB$  )BA
"	B%B)ABD%DAD3KA	"
%DDABD	D" )AD	BA9A
BABAB %D  DD "B AAA " %  
AB")B$DABBAA%%D		A3DDD
DBB 	B 8 AA 	C 3 DBD  	BAB  !AC	
AB" %D ! BADD  	%A 	B A %DBD 3  DB	
%D DBABA	ABB	BADA BAB
!AC	 AB" )B$ %DD %A A  ADBA %%BAB
 A&A @NBD$ '66#A 8 & DBD 	A 	DBAA  AAAB
%DABBCD$)BBBAAB"D!A%DB	F.
 AB%DDDB%DB	0FA)BA%DA&
D&  	A L %D !D A .!  AA %D%AB$ 
BDDBADKDBAB%BA	A)BBD
DBAB  ADB DAB 	B B  %DBD  	BD 	BCD
%BDBDAY%D$%DBAD	BBD%DD%DB
A BD$ A UAD   A  %DAD ED B  
D)&B 	BDJ	B" A  ADB   DD %D A %D)BA
@SD$*5A$%D	BCDD)&BD)AD	B)BBAD
DBAB A AB" B  " BBB  C 3 A 
	A BD 3  ABBA FB BA DBA$  D%BBA 
B	 BD	A 3 %DAD1 		 A DBA 3  %D%B 3
DDD @F$EA$)BB 		DA%D D%%DA3 %DDA 
%D)D	 A ADBA	A D %D  DC ADBA  BBB$
B	B3	%A%%	ABD!AC	$BAABBADBA3
	 BBD DBA- ED B  	A EF=$ 	A
%%A&AABA/	FBBBA!=	A@/F=A
 %AA AA %%D A" 	A ABCD	A%DBAB A
" 	  BAAB %B %A UAD % %D  BBD  





%DAD "B  A "  B	% &AA   )AD 	B A
D	A	%A2%D)BB%DAB8AA%%D
BBDA BAD%D  ADB+	B,%D%E%D/BDB







 A	ABBA  B AD  	A BA /BDB 3 BDD
&AA		%BA)B!AC	DBB	%DBBBBAA
B))BADDB)D	BA+)AB	A,DAD	
  "AB "B  % D A  BD 		A 	2ADBD AA D
BA %AAB " D%DA 	B$ D " DBBBA A
%A 8AA %D	BCD %%D  DDD 	B D  3 
BAB)BDDBAB1%AAA"DDDADD
	BAADBA	ABAB)B)D	AB%D%DAD
  +	C  , 	C%D & ("C @FFQA @F	$
*'AA%D	BCDADABBA3	ABD%D	B
IDB%D %DADc  %4D$  DAB
BBA%%%DBBBA	BB	BD4ABAB)
FB  BAAB A  	B BAB) BA BDA$ BBB 	BB
B		A  DC  	ABD "  &%DB A  )D	AB B A
%%DA %D  4A BAB) %  D BBB BA 	BBD 
	BB		AAAB%D	AADIDA&AA!%B"()B$
B  B %B)B" 3 	%B	A   AY  A %
	2ADB$%DAD%%B%DBDBDB"$















 DBAB   A$ B))DA A!% DDD %A UAD BAB  
DDD 		B  B  DAB A  DA   %V 
		BD	BBABDCBADDDD






 	BCD D$ AA %%D  DDD A 	D" %D  )DA
AD	BB	 %B"  ADB BAB) A B 		  %D
%D	A "AB  +BAB", @NBD$ '66#A  DDD DDA  
D%BBA  BBB B " DAB 	A %BA B)D D 
%%DBAB 0 DAD 3  ADB  	AB AD ABEF @FRB A







%D %DAD 8 DBD DA %DAA AB	 D%   DBAB
AD&
 !AC			ADBA@FHFAD%A3%DB	
DDD 	B A  )BA B	BA %D  %DB	 BBB %DA %D 






–  D)D	A   DAB   DDBCD  DBA @/$
'665A
  & %D	BD A!% AB DD%A 3  A 	BDD 
)BBBA  %DAD$ WAJ3JBD + %DBBA " BBB ))A 
C  	BB "B BA 	%BD %A  D AD	B A 
BAB)BB,@ %A_D$6A8AA)BBABABADA
"BBDK)	A	A%B) BBBB
 !AC	 A  %  BJ3JB  A&A D	ABD A
BABAAB   ABBA ( ))A$ B DDD A  3  	B
AD%BAB BABD   DC   	%DA	A BBB$ 




DBA 8AA A  D)D	A  DDBCD  %D "
%D&  B	BD  %BA  DBAB 3 DBD    
&AD B	%D$  DA )B	A% )DB  3 D$ %D& D




%DB	   F.$  %A 	AD  B	BA  A  ))A
%DDB	A%%D"  )BBBA	BABA A AA%	C
DAB)&DADBAB"%D%D& BBB	B	A&BAB
 " %DAD A %% 3 DBD  AY 	$ WAJ3JBD
9AB)"B BAB=BB$ B ABDDD	BA%B








A  ADBD  )BA D	 A 	U	 BA CBD  	%UD
&%DB%DD%DDABA&ADU		AADBA9A
DB"AB)D%ADDB	9D$%B	%AAB)
D 	ABAB%DAD	AD%D &%DB DB 3 +FE
*BEDB A   AB DB %   )BBAB  	B 
)AB	A 4D$	A BB  % D	D	ID &








 3 A %%DA %DBB%  %%D D	B"1  %DB  	%A 
BD	A  AB 8AA AB %DA  DAB1 B 
BBB%A))AB	AUAD3DDDD$BA	A%
DAAD%D %D BJ	U	  	9DBA   DA  )BA$  %	C A
)D"A A 	%U %   DBAB  AY %D   %BA 
BA3)BBDB%ADB"%DBB%BA= =FE
  DBBBA A  DV 9AB)  %BAB" 	2ADB  DB"
BA	%UDDBD)DBDB	BAJ3"
"DB"A9B%A
ED 	BABD  %DAB"   <  DBA %A$ B A
BD)BDDA" %DAB" BBBD%AA B	BA
 %DD ADA A9D DABBAD	B %DBA
D%%BAB1BBA%%D%DADAD%D
D)&B  D 	%DA	A$ 	B   B%BDD %D BAB)BD 
	BD	D3BD%DD%D39AB)%DABDAB
	BCD$  BADBA  AB  BBDBA   BDDB"1
%DADA%3	U	$%DBADBA%AD
ABBA$  BBD  A  % ))B   )D	  %DD D1
%AKA"UAD&ADU		AABABABA BBDAD
 B))DA A%$  A&A %DDA UAD 	B %DB A )DBD 
	BA@NBD$'66#A











ABBAD "B BA  DB" BD ED&	A$  DBAB 
 DDBCD A 	AAB   <  )AB	A 4D 
!AC	 AB" %A BD 3 	AAB  	D BA 
DB%DBDB"%DBD%DABBB
!AC	DBA	B%%D:D.		AAD%DAAB)
	&!  D @80A %A 	D 3  A %	C 8 !AC	
DA BB" 3 %DAD  B	BA 3  % %D  AD	 
ADAB  80  A	%CD ED&	A$  	B	 %A
BD 3  	%DA	A 3 DB" %%	ABD$  %DAD 9A
"  B%BAB) D %D	A  	B& 	2ADBD D &%BAB  DB"  
"AB)BAB$	U	B	%DB$DB"BA3)BBAB%DBBB
 < %A  DB" %D A  %AAB	A$ 3 
&%BAB%B	%DAADB"
ED	DD%	C$BABD)BDDA"DB"
BA  %D  BBB A B   9AB$ BAD 3 
%DAB"	ABD8A %D %D BAA "B A %B )BD
D%AD D  < )AB	A 4D ABDBAD A
BAD&	CBAD%A3%DB	 %DAD
BA))A)BDD%BBAD$%D"BAABADB$
D%%DA AD  DB" 9AB) D$  DB" %D %D  %AD  
%DDA	%DAB"BBAAB)BD








B))BB	A B  %  	BCD % BABAB A A AA 
)AD DA  BAAB   DAB BAD) 		J	B @/HA
BA   	A    )BBAB  & %A  ADB




A B	% B)D	ABBD A AB 4D %DAD   )DA
A%BD	A9AB)AA"AV	BDABADB






8%DB	  AD  DDD 	B   "
D  		A   DBA  %D	A  ))A DBD  	BCD
B	%DAA  %BBBA AB "B  A % B"	A B	BA 3
BBB FB  AB  )D	AB A  AB ADA A9D D
BAB	BA$D%%BABAB))DA
8DA  )D	AB$ B  BA % B"	A  D%%D  A
%DD AB9ABABDB"D%DA &%DBB%
 AB  BA  BD  %DAD 3 )BD D D %DAB"
%D)B%DB	%ADB"DBA!%AB
%AUADAD%DB@NBD$'66#A1
– 9ABD  DB"  )BBAA  BBBBA   %%DB %D
%DAD$%D))BD%D%ABAABDB"V
– %%D  	%DB  %	C %!B" 3 ID$ )B 
%D	AAD3 %DAD%BABD%DD%%DA3%	CA
ADBD%D%DB&DAV
– )DBD  	A  	%DB  )AB	A 	B ) 
DB"   %%	A   AD  BBB D  ADBA	A %D
%DBA 	B  B)D	AB B  D BD	A %D	A 






  JD%A  %DDB%AB0 DAD 3 D BADUA  %A
= =FE"B%D	A DABDBAB%DDB$%A
















–  BAB   %D)D	 A  & BAB BD	A
 DDD	BA%	B "9AB
)D 	A %D DBA  %B  %DAD 0
%DD	BDBE-EV








– DDD +AB, A 	%A %D  AB  BAB AA 8




%AJ)D	 EB%D =%  *7  D    AD BD 
D!*#cDBA$DDAAAB))B
%D	BD 	C  DDD 	B =BB$ ! B"   
D! DBA BA 3  AADBD  D%BBA 3 %DAD "B $




– %DAD A % 3 DBB   BB !A AD2  )B 
DADA&%BV
– "A		A$BBA9	B BB$DAA%DB
  D  &DB "B D	%BA BB  )AB  BA BAD 
)AB	ADDBCDDBA$ABA%B)B	A
  BAAB%D%D	ABA   D%BBA A % BBB
	BB%AKA%DA
 %AADDBA)BABB%%DBAB3BA!
 BA  D! %D = BADAB  DB A	B"
@=(=A"B&%B"DA!%BADAB%D
	)BAD)DABB3DBA@=(=$AE
  		A   DBA  AD BB D	A D)BD =D
"%DADBAABA)BABBD	AA	D
A BDBA$  )BA  %DAD$ AA BABAB  AD AA	A
DB   D%BBA  BA BA D	A AB A %A
%D  BB 	DB %DB ADC  	A 8 	A 
%AB   " D  %D%AB A	%D  ! "B













  A  	%DD  BADAB AD  )AD AB"$
	B A DBAB A 3 DBB  %BD	C BA BA
+%B	BB", @/$ '665A    %  A B BA 
+)D	B,FF%DA"AD	ADBA%A$
	C%A"BABA$%D%DBDB	%ADBA
%D$ ADDD 	  DDBCD  DBAB "B BA UAD$






















8%A$  A!%  	C )BA A9D  %DA  3 %DAD  
	C  BA DBAB %D% %D F D% BB 3 
%D	BCD %D%AB  %DB	 DBAB$  "  A 
DDD%DAD"BA3 DDB"$B"%D)D	
BAAD	B%D DBAB " B  @:DBDB$8	_
NBBCD$'66*AEDNBD$AA%%D)BACD"D	AD
 BA  B A 9AD  D  A&A %%	ABD 
%DB	%DA &%DBB%&%BBDDADB" DDD
	BABBD@NBD$'66#A1





ED&	A$ AA AB%D%AB ADB3 B	BAD 	2ADB
DB"!AC	FB  BAD)ADDBABADBAA
%DAB$ B  DA % 	B B))BB	A 	AD1  	C
+%B	BB", BBA % "B  %DA &BA$  "B
9AB)B  )B  AD%BAB  B DBAB  %D%AB





DBAB, BAD %D)BA	A A AA  )BA 8 AB %DA
AB	A&)D	@NBD$'66#A1
– )BBABABDABDB"V
–  DB)BAB  BAB"A BD ABBA 	B 
IDABD"AA)BB
;  %D%AB A %A B A BDBA  
ABBA %DB  	%A )ADDBAB8JB ADBA
AA	A  %BA   BBB %D  ADD D %A
DBAB  BA D  AD	BD 		A %%D  %BA
%AAB  DBAB &  &ADBD A  % 		A
	%UD  BAB %D D%%DA 3  	C 9 4D$  B AA
DBAB"	B@:DBDB$8	_NBBCD$'66*A
0%DDDBB8AAAB$B	B%!B"
	ADB&$ BAD %D "9AA%D%DD
)D	DBB%DCEDAD%BAB$AAABB+%BA
 !AC	   DBAB 3 DBD A 3 D%DD BA 3 
%DADAB$  DA  ))A 	BB	 D  ABBA !	B",
@HD$'66V/$ '66#AAD %%D )BBA% D	A
		  +%BA 3 D2AD A 3 %AD %D +)BD ), &
%DADABB	%D"B	AAA"AB	C	%AA"B
&BA%D$ADABADBAB,@S$
'66#A  A 	A %B ! BADD  B	B 	DB 
DBAB)BBA		+DADBAB"DAB3	BCD
	D  ABBA DBAB %D ABB%D A BAD 	
D  &BA A  A %D	BD 8B  ADBA %D  %BA 
DBAB3	D%DB B	%DAABB" )BA AD 
DBA$  9AB)  %DAB A-  9AB)  %D)D	, @.B$
'66#A8)BBABD%AAAD%AA"DBAB







  %BA%%DAB 3%DABD  C	A @/ A $ '66A 
BAA9A
  D%AD   %AB !A	B" BBD A BB 		  
BA))A%DDDDBCDAB3	BABDABBA






DBBBA   %D)D	   !AC	 BAB" A BB L
		  	 	%& +ABA  		 	A )BA
	DD   %D%DBA$ B))DA    	A, @$
'66A A  DBA A % 		  %	C 	DA5$ DAA 
BADAB AD  	%A BB "AD  	%A A D






 Approche réactive Approche proactive (prédictive) 




Déterminisme cause-effets Probabilisme cause-conséquence 
Base de 
l’analyse 
Données de l’accident, connaissance 
du domaine, modèles et taxonomie 
Données de l’accident, connaissance 
du domaine, modèles et taxonomie, 






 	A A "  	A .AB F =!B HA
@.F=HV/$'665ABA3ADBDB%DAB%DBB%
 DBB  BBDB   DBB 	 %A D %









 %%DBAB  DBAB 	D   B 3 B	%DAA
D)&B D D AD$ D AB A D BADAB 
BD	A"ADAD	BAAB"ABA
BD %DB	 B)A BA3	BD%DB	%A
	%&BAADAD$ %!A	B"ADAD"
CD %D	AAA  D)BDAB   % DBAB$ 
9AB  "B   BB  DBAB %%  
DA6
 BADAB  	%A AB"$ 	B A DBAB 
ADADABAB B%DAA %3!)AB	A
 	A AB)  BA A   %	C BAD
  B  DBAB A B A B	%DAB)  	%DD  A!%
C	A %D  	2ADBD A  DBD  " 	B A
	ADB
( D% 3  B$  	D ADB A A %% %D
DD  	BD 	2ADB  DB" B 3 ABBA  DBAB
 %%D )AD	BADBABA A %
D% 	% DBA BADB$A AA3  )B%
%	B" "A 3  A A & %BBBA %%BAB  A
%DBB% DA A  )BA" )AD DCA	B
"B AD1 D ! D"BDA  %DB  BA %D D%%DA &
AD	BABB"	%AB)$ADB	%&A
B
8 9&$ D   %BAD  	BCD ADB"$ A ADD 3
BDD   DBAB DCA  B  "  DD
%%  	DBA  A A   %BAD BA  BB %D
9AB)  %DAD  A&A B  " AD%DB :D.  A












A  	B 	2ADB DB" D%DA%BA
%DA AB$ 	B %A B	BA ; DBAB$ dA A AA 
	BBB"BBAABA	 ADBAB
AB$ 	B B  DB" A  BA$ B	% BD	A 
AD%BAB   	C$ A 	%	ABD$ 3  DBA 
DBAB&BAAAA%D%DD)DABABD
8 ADB  DD  AD 3 BDD  AD%DB :< D
BADBAB .D @:D.A EBD AA AAB 3 :D. A )DB
AA  %D)D  	% BD & ADB &%  %BAD
%DA   %D	BD A "%%D		A DA$ AA AD%DB A  )BA
DBABCD BABD BA AB""B  )L	BCD
DBBV  $  A % B	%DAA D$ A  )BA " AA
DBAB  AD %B  DAB  AD  A 		A 
AD)D	ABADA$%DDAB$BABA())A$BDAB
D3BADBAB<AD%%DAA3AD%DB%B"$




&%BAA$ <AD DA	ABCDD$ D DB"%D
 %D ABBADB  &%BAA  D BB " %D  B






A	AB"  DB" A  ID  %D%AB  BDBA  AA
DBABc DBB B	% )BA AB"$  DB" BADB  D A
<BD  %DABBD A % 3 % $   %DB B$  9
%BAB"%D	BD%
  A A&A$ B ABA B	%   % DD 3 DD 3 AA
%D	AB"AA	%DAAAB	%DA "ABABA%
   DB  &BA  DB" 	B B %AKA 
D	A	%DBAD%3!%%DADFAA$
:D.A 9DBDBAB"B %DB BDAB BD1	AAD 
	2ADB  DB"  AD   ABBA %D ! %%DAD  AB
ADB  	AAB B	%DAA A BB  D$ DA
%D)	A	ABD
8%BAD%D9AB)	ADD"BDB"A$9DB		
BD$  AD  %D%AB  BDBA  AD%DB F %D	BCD




  &BC	 AB D "A 3  %D 9AB)  	AAD  DAB
DBAB A  BAc ADD  %DB	  BA  DB" A 
	%DAD% BAD&&BB$ BD%BD
%D)D	 !AC			A DB"%DA 	AAB
AADDB	BA
()B$  DBCD AB D %D 9AB)  %D%D  AB 3 
B	BA$%DBAD	BBDAB%%DABDBABA
BAD	AAB  ADD  B%BAB)  AB D 3 AA )AB
	%&
0A0A'DFBAB/D.
=%DC BD D  %A ADB"   AB DBAB A
AB%DB	 DBA%B 57$ B A	BAA BD
BDD  	A  AD%DB :< DBADBAB .D @:D.A A
 AADBAB DBABDV DBA BABAAB A
B % B	%DAA "  %DDBA  BD AD%D2AD  9 Y










%D  A&A %BAB" ADAD %D  BA  ABBD  %! %DC
0%ABA%BDAB8A&AADB3)BBD
B&%BAB""BAB3AD%DB3AD%DABBCD$
D B 9DB 8AA BABD BABAAB$ 	B 	A
AB"$D9A%D	BCDJAB%BAD
   B) A  &D %D  %D   ADAB
D%NB"BA%%DA$  B	%AB 
ADADAD%DBA	9D B3AB%!	B"
)DLB$  BA  	AAD  ID  A&A D%  BA 3 
AD)DA  DBAB D  B" %DB$ 	AAA )B 3  %DB
	D"%D	BAB%DBB%BA3 BDAB DAD














8AA JAB  DADD AA BABD %B   BDAB 9"3 
DAB  :D. 3  	  BABAAB D%   %D	BD
%DD% ADD D BDB%B<5# 
&BC	%DD%"A3B%DD%D!A	3
)BBBAB ABBABADBABV DBD%DD%%D)B













  BABBAB5# ADBB BDA	A DBB 
%DD		8DF"B%DBBA+DAD3ABD	!
%DAB 	%B$ )DBA  ADB 		$  D DB$ 
DB  J$  	%B D A  D ",
A&ADADAB$DABABDDB
 B" %DB A 9AB)B %D  A  DD + DBAB
DAB  	B DA  DBAB  BADUA %DABBD 3
BADUAD,( ABA"+AB AD%DBABB
 < A )B 3  AB	A %B AB 3 DACD BADB A
		DB ][E8^ 		 1 :<  .D @:.A$ FDB DAB  
AB   %DAB A   BADBAB  < A )B 3 
AB	A%BDACD BADB A 		DB		 1:<
.D$ DB  %DAB A  BADBAB, @DA EA 8A [E8  A D 3
%DABD+W	B$DBAABABAD%DB"BA%D
ABBA%DBB% %DAB$  AD%DAbBADBAB WADBBA
 < D  ADDBABD  	AD% A BAD	A AD)D & DB
AB&,@DA#A
8 A&A 	A 	A  ID  BA &%DB	 %D  )D	AB
%BAB"!AADADFBABD%ADAADB
B	DD)BAB&3DBB)DAAB%BAB"3
 B  &BC	:DD	B   )AB	A (E8:<















–  ADAB B %D  DD$ %  	"
BAB	A  B)DADAD @NAD_SBBA$'66A))BBA
%BABBADB<BCD%DD%%DA3BADBADB"V
–  )BBA B	%DAA$ 4 3 B)AB %A    
DADAB$ %DBBA AA BADB  DD )BBCD ))BA
%D DD  BAB	A BD  %$ B	%DA  
DAB  D AB  BADBAB  < %%D2A  DADBA %D
D%%DA 3  BA  %%D DB ADB"  ADD  
ADABDDAADAD	B"@NAD_SBBA$'66AV
–  & %BA ABA 3  )B BABAAB  :. 3 
DAB1 AA AD%DB$ B " BABA  	 (.$ BA  A
	BBADAB D %D AA DBCD %B":.BA D % 




& AD%DB  	B 5# @/&$ '667A 8A AA  )BA D 9"3 
BAD   AB  	D 7 "B  )B 
A	B 3 BADB <BCD AA  	BAA  	B&BA   )BBCD 
BADBABBB"BDAB%D@NAD_SBBA$'66A
8AA BDAB   BADBAB    AB BABAAB
)D"A ( *$ ABA 		 %D  	 (.J:. FDB 8B
D)CAA%%DABBAD)DBADDB%
	%A %D D%%DA  	ABD   BADBAB  <  AB  
9ADBA3DBD	BAB3B3%DABD	BB
6 A BA (.J:. FDB 3  ADD 3  D  ID 
	ABD
  DBCD AB ADAD B	%DAA A  3  BAB
D%   )BA "  )DBD &AD %BA %D%D  ))D
		DB  B	% 3 (.J:. FDB  %DAB   ABBA
		DB A   ABBA  ABBD  D  BADBAB$
BA3B	%DAAAD)DA))AB)DABAAD'66'A
'66   DBCD AB B	%A  %DAB  )AB  	2ADB
DD&	2ADIDA&%BAA$AA'665$
 A 3 DBB   DAB  :F @:<  .D F BADBABA A
(F @(. F BADBABA "B DA  %D  DB 
	2ADBD"(.:<.DBADBAB @(:A$"BABAD
 ABA 		 3 (. A :<  .D @/&$ '667A$ DD% 
ABBA			2ADBID
  9AB)BAB   ABBAB  B))DA AD%DB %DB 









& "B DA %AB  	B  "B  DA B AB	A 3 




'66V '66A$ 3 BAD   B FA$ A % A &%AB A A %
%DBADB<=BBBDBABA:<EDB$(DA




 %DAB DD%	A ABBA B3 BADBAB
<ADAD	B%BA'666D
ADAB D% A  B)BAB 	D D% )DBA 
BDDDABDBDABBA%D$AD%DB
%B" AA 	%  )BA D  ABBA BADB A 4 
%DD%BDDABBA
8 		A  %DAB ABBA %DA AD  
D% DAB&$ A   %DAB 3  )DBAD$ A 	A




 ABBA  %DAB   )DBAD WADBBA   < AD,
@DA'EA8ADAD&BAA%D%DABB%D	BB1
– + )BBD A  	AAD  ID  %BAB" WBAB	A A 
%%	AD&BADBABV






–  )DBD&ABBADD&  B)D	ABBD3C








 %DABBD  )DBAD$  %$  ADK	ADB"$ WADAB A 
D	AB%BAB)	%AAWDDAB
AAA	BB))DA3W	ABBA,@DA'EA
EDC	A 3 		A   AD	 D)BDA %D)	A 
%! BADB  (D%$  AD 	A % 9AD  	A















%D	BCD	AD%DB %BB  )DBAD DB
%B$B))D))BD%*5	BBDD'66E
%B)B"	A   	B  < AD$ :.JF;(P A 
&%BAA%D	BDDD%BADBAB<AD
#A!AADADAB/D.
 ABBA  BADBAB A )BB %D  BDAB D% '66-E-8(
  DAB '$ %DD% 7$ 		 + AD%DA  < AD %D
BAD	BBDD&&DB&<&)B)DBAD
3 BA$	B 	%DA%  )DBAD,8AA ABBA &D%D
BAD	BBDABBADB$DBADBAB$)BB%DDABD
 DDUA  E 9BA '666 	B)B$ %DB %D  	BBACD  W[B$ 
W[DB$  %%	A D A   HD$ D)D D	ABD




B	%A  % ))AB)  ABBA  %DAB$  AD%DA A 
BADBAB  <  9AB)   %D A BAD  +DB" 





	A "B BBAA  AD%DB DAB	A BAD 3 BABD
))B		ADD&,DY3+%DAB))ABD&%D
D%%DA&ABBA%DABA)DBAD,
 DAB'# BDAB'66%DB 	BA BBAB
ABBDDBADBAB<AD%BDDBACD1
– ABBDDBADBABBAUAD+B%A	BD
%  )D	 9DBB"$ DBAB A %DBBB$
ADABBAB3BADBAB]B^,V
–  %$ +D"  ABBD  D  BADBAB )BA %DAB 
AD%DB DAB	A BAD$ B A B%A$ D  % 
DBAB A   %DB  BB$  AD ABBA  B 3 
BADBAB,("1
 + %D D%   AB  D  BADBAB 
BA % )BD %DAB  ADAD  AD%DB BAD  <






  ABBD  D  BADBAB BA B%D  %BD 
BB))AB)$B%		AAD%DBBAD<AD$
  "B D  	A AB) BD %D &%BAD$
ADABD  %%D  D ED &AD  AY$ 
ABBDDBADBABB%DDBD$
AA	B"AB"$)BBCDA	ADB,8B%D9
%A %  &BA  	B	  DBAB A 







%D  ADBA  DAB AD D 	%AA )B "]dB^ 
%B%ABDD%D)BABADABDAB%D)DDD,
8AA BAB  % ))AB) BDBA   %D 
%DBABAB  AD%DB AD)B %%DAA  	B %B$ BAAB






 AD%DB    	BAB B :< D BADBAB












8	BA		A 3 AA BABD BABAAB 		A$  	B
AB"   BADBAB  <  	A DBAD B	%DAA
AB%BDDGGBC.BDA%D	B!	
  FAB ADB$ ABBAB  < 3  )B BD  
))   B	%DAA %DDC AB" 8AA BABD A %
V ADBA	ABCD	2ADB%DB
 	BB  < 3 ))A  DD BA BD	A 






8AA JAB  BB %DAD  %DBB% AB A
DADBAB" DB< %D	BD%DD%%DD 
AD<AD$CADBABD%BAA"	A
%! DB  GG BC   &BC	 %DD% DD "A 3 B
AB%%DBB	A<.DA%%	AB
%BA  AM ADDB ; DBD %DD%  %D )B D
AB  AB"  ADAB  D& BB " D  )AD
AB	AB"ABBA<AD		DB
"	AFF2
  < A AA D ABB 		 D BD 3 %DABD  *66 3
 D$ %B 3 EDB$ AD AD D %BA D% 8 +<
BD,AB%DABB	B"BAA3BABDB$
D$%D&ADBD<%AUADD4%DBAD	BBD
 < 8 B%BAB) A B	A %D  %D	BD D& ADDB 
BADBAB  <$ 3 DBB  B$ A BA %%D2AD  %D	BD
	%BD  D8 A!%<ABA +	)AD,%B"
DAA%DABBADB$3BD<ADBDA	AB
J
  D A  	ABCD %D	BCD D " A ADBA BADB
	D F &ADAB %B  	AB  %D	B  )AB	A 
	B 3 %D 3    	!  AD%DA 	D A  
	BABBADB%D	A	A%DAB<$&
%D%%B3<$<BABDA	ABAB3
%DABD  D   M$ DB  AA %DAB$ BA  	AB
%DBB%  BADB BDDB" c BD$   MDB$  < 
B A  DB  %DAB BA 3  %DAB  M 3 %DABD 
D8AAA%DAB"BBDD%DBB%%DAB
<BD
  BABAB  < 3 %DABD   B %%DA 3  %D 
%!D! ; 	A B"$  D$ %A UAD 	%  	A
B))DA  )AB   A	%DAD 3 " B A &%8AA %D%DBA
%D	A AAD%DBDMAD	BD&DD B	BA
DBA3B%AABDADD$B$3
BADB   MDB DA AA %DAB  +D" AD	B", 
D %D %DBD AA DD AB EDC	A$  %D
%D	A%DBD<BAABAA	%DADB))DA
BD3%DABM






%%	A  !AC	  DBA FB  DB" &%B BA
%A	A3d%DBA$ADBBAA	A3BD1
–  A&BBA1  	AB  <  B %DBA & DB B	B"
A&B"$	&!DA)D!DC %D	BDA
< BD A BD 	B %!&BA A  %DABBCD	A D&
  % )B    BA 	A 3  	DA %D
BA&BABADABAD%A	%CDV
– D1)D!DC%DBA	ADADC)DAV
– D	A BAAB%B"BD1  )D!DC
AB&!)DBDBABAAB	ABAA))A
DDB)V







DD %  	%B <BCD 3  ADD D  ))




 	B	A  < %B  %DAD 9" BA )B A 
ABBA	%&DB	ABA)AD	2ADB%AD
 D ADDB  AB AB" B	%DAB %D D%D 3 
ADBA   BA 3 	BDD BD	A  	ADB& ABB
BB"AB"	B	A
 %D	BD	ADB&ABB%DBAB<ABD$	U	
B  )A ABA D 	9DBABD	A ABB  &%AB DB
BABA %A$ 		  (A  %! b BD 	BBA   )A




8 D AD%DABA  < 	)AD$ A9D ABB   








A  %D ABA AD A A  A& ABA DB  ABA 
BABABAD%D	BBA<$B%D)DBAB
"B BBA    M 3  ED "A$  9BA AD  A$
ABA  	ABCD AD$ )BA  AA  AA 	BBA A
DBA ABA  D   %%	A  < AD  B	%
  %D	BD A	%  	BB)BD %D %DDD  D 	BBA
BD 3 ABA  9BA  BAB  )A &BAA$ 
BAB  % DA B%A  9BA  BAA % 	BBA
%DUADA




DAB	AFBAJHDA " 1  DBF0A
AAD$%BDB0A$8ADAEDB#6A
A A    %!    6$  DDB  < AD 
B))DA %D 8 <$  A&B"$ A DB %D D%DD %
B	A  )BA A A +,$  "B B	%   %DAB" %D 
AAB)BA
 D&BBAADBADB%DB %D	BCDA
%DB @NEA A A  DD  '	BBD   ADB BAD	BBD$ 
	! %DB @HEA A 3  AD BB  ADB JADB1 HE=
B%DB'3566	BBDVHENA566	BBD3
5 DV  HE8$  A  5 3 '7 D    76$  NE A
	9DBABD	A ABB 	BB DB	B A % 3 % D	% %D 
BABHEN$  BD A BD 3%DABD #6%B %!A!C3
%DABD  5 8B 	%  %%	A  %A  AA$
	B	DAADBABAD%DBB	%DAAAAD%
)B$BBAABBBBBA
 BADAB   BAB  %!A!C 3 %DABD  5 
ABA  DAB AB" 	9D$ %%DB	A  %DBB%
ADBAB3%BD1
– ABBAAD1AAB"	%&$D3D
A % BD      %  BAB  %!A!C
8AA AB" A D	% %D ADJ$ % B 3 	AAD 
ID A DBA  DB"  BD DA  	ABCD ABB %D 
D&$D%DAA9DBAD'6AE6fAABAD$	B









 )DBBA   %DAAB AB" A D %D  ADAD
	AB"ADD3%D&B	BABAB"B9ADK
DB)BB %AA  DA ADB" %D  BD  BD  
%!A!CAA%AD$BB%D2A
 BADAB  %!A!C    D  A&A )D 







 BABD BABAAB A AB"   	%B  D  
BADBAB  < )BA %%D2AD  AC	 AD1  DBA   	D&
D B 3 &%BAAB  AA 	ABCD %D	BCD A D%B	A 4 UAD
BAD  )AB	A  DBAB <BCD  D A A BB 







8AA %DAB  BB  %D D AB  ADAD AB 3 
	2ADBDB"D%D	ABDBADBAB< %D	BCDAB
 AA D %DAD  AB  !AC	  		A   DBA
@FHFAVAA%DAABDBB%D%DAAB!AC	&BAAA
 	A   	D  DAD &%DB %B '66* %D :D.  
&BC	AB"A3BADD3 AB %D)D	










 B	%DAB)  DBA B 3 &%BAAB BADB  <  D%B	A




 B	%DA   DBA   %DBAB  ABBA 	B"
9AB)B	B%ADADBA3DDB))DAB	B
EDD!AC	DBA3BADD3DABBD	AA&







 AB DAD%AB)$ A  	A ADA A  C	A %  
		A  DBA  D A DAB) ABA AAD"
C	A  %DB %D %BD B)D BD	A  " B






8A & D%  A  B&  		A   DBA "
DBA  	BB  ADBD  9AB) &  )AB  ADBA
"BAD%D	DABBA%D%D






BB ABBAA AA DBAB	B DBAA
%D	AAA&BD	AAD%ABDDABD
%D8)AB	A%%DA%DBB%DADAB
AB$ "B B 3 DD  ABBA  !AC	   %DAA 
%DADAB&ADBDAD%B	%DAAFA!%BSBD$A!%
 FHF A  !AC	 )BB %AB	BA#1 B))DA B B A DA
%D	B "  B& A %B %D DD  	BD D% &
&BDBA
 )BBAB A !AC	A	D  BA AAD
BD "  )BA AB	A D  AJDBA  ADB
@FFAV3ADB)BBAB!AC			A
DBA %B)B"	A D 3  A	AB"   DBA BADB
&BA 8%A$ ADBA  B BA  & 	B 9AB)B





–  AD )BBAB  )BA + B%BAB)  AB 	BA %D$
%BAB"$	!ABA3	BDD %D)D	AD%DB
	ABCD AA DBA ADB8AAB"B%D	A	B&
	2ADBDDBABAD%DBA%DDDABBADA
FF3AA)AB,@DFF$'66A
8 )BBAB AAA  )   AB  FHF  A 	A
BADA %D D  )D	"%A DUABD  A !AC	
	BCDB	BBD3AB!BAD%DB@FAA_ND$*A$
B A %B  ADBD AB  FHF  )AB  D D 
)D	BAB A  %DB  	%A  )AD   DBA   A!%B
%% %D PRAA 	%DA BB "AD % AB @PRAA$
'666$)BDA1
– % D%AC B &%DC	 DBA1  A!%DBAB
DD% & ADAD  %A " )B &%DB 
		A   DBA   %DC	 A AB	A D A
FEDD$BAA"BAFFDBA BADBBA B
%DBD %D)D	A%ADK"A%B)BV
–  % DBAB 	AB"   DBA1 DBAB 
%DBB"	ADB"&"AD)DAAAD	B








%D)D	 A %D 	%BDB"$  BDJ)BD  	ABCD 
		ADBAABA%DDB	ADDA
%DA 8%A$  %%B &AD %A D UAD BA %D
%DBD%%	A	%AV
–  % %%D +!AC	,   DBA1 A 3  B " 
%D	BD!AC	)D	B		ADBAA	B%
  FHF BA D	A  %D 8 %A$ )BB 		 +
ABBA	WABBAABBADDAD	BCD3
%D	AAD  AD)D	AB W	A WAD  	A  DAB,
@=.D0F$ '66*A$ BACD  AB 	BDAB AB %B"
DBAB  ADADA  AA %%D +BA ABBD	A
%%D%DB %D  DB A$ D"W A %%B$  	D 
%D ]B^ 8 	A BA 	ADD W%ABA  %D 3
AABD  DAA %B)B  D"  DAA %B)B  A %
AABA$  DDAB A  AB DDAB BA UAD AD%DB$
		 B BA, @=.D0F$ '66*A 8AA % B	%B"  )BBAB 
A&A BAD %DBA  B))DA %BAB"$ B%BAB) A %DD
%%B$BB" )BBABBDD%BBAA AADBAB
DD A  	! %D  	D  AB  
)AB	A   %D B	%  BA %DBB" %D	AAA
%AABA&A)	A&!AC			AV
– %%%D1A	AB"DBA$DBABADBAFF$
A BAD  A  %D 	ABD$   %AB-ADAB$
9"3  JADBA  D %%DBB	A$ A  %
B	%	A   %DBB%& %D " A  )DBAB 
&%BAAB D  :D.( A BB !A	AB"	A
BAD  ABBA A %DBB"ABB  DK
	DA%DADA%B"	AD%AD%DDBA	B
	A  %DD  BBABAB D%A  D )BB
 DBABBA DBAB %%DA A %% AD
 DBA "B B A %D%D$ )BA   DBA  B	B %D	B










  9B  FHF A   AB  !  B  DBAB
%D	A  D%DAD  %DDB  AB)  %%D%DBAB 
AD  DBA %DAB A )DBA  %DA   B A




















 	B+%%	A,%D )BBA"DBD A )BBD 
BA8DBDD%DABA&ADB1
– BA%%DAA&	D	1AAADBA	%
%DABBD BAA UAD B	A  < A  %D)B B%A
D)	B766	gV
– BA%%DAA&	D))BD1AAADBDD%"A3






– +8%ABJ8ADAB,$ "B  BB  & %D %DAB
	A DD%A A		A  ABBA BBDB BB " 
DAD%BV
– +(&%BAABJHBA,$ "B  BB 	A  & %D$
DD1
 +8BAAFDBF,	ABBA
BA$ &%BAAB$  DB A  	BA BB " 
%DB  D  D 9"3 D DADBA  )AB	A
%DAB ABBA	BABAA3ABDA3%BAD
 %DD		 	BA %D  DBD A  DBD  A
A%DBDBV
 +=B %, @=A   AB  	! BADAB
BB"D%ABAADBA	A%%
 A 3 AD "  	DJ%D +8%ABJ8ADAB, A 
%D +8BA A FDB  F,$  	DJ%D
+(&%BAABJHBA,$ A B	%A D ABBA%D %D
DAD&%DBA B!DB%D 	D
ADDB








  %D +FADAB A H	A, A  %D ADD 3
	%D%DABAD%DBB31
– %D%DD BD  AD%DB %D  %AB A  )BBAB 
DBAABBAB	ABADB	9DV
– %B)BDA%BAD3B	DABBADAD%DBV
– DD A BA A D)BD & D 	BDAB %D	A
%%B&ABBADBAB
  %DAB %DA A  % A D%  :D. BB "
	ADAD%BAB))DA	BABBA
  DBCD ADB  %D A   %D %%DA "B
DA  AB  %D %DBB%&   %D +FD






8AA DB%AB  )D	  %D BA 3 BAD :D.  
%%%D+!AC	,%D%%DPRAA@PRAA$'666A())A$
 DAB)BAB  DBAB DD% 3  !AC			A  
DBAADB" %A)BBD		+B%BAB)AB 
FF  AD%DB !A %  % DBAB 	AB"  
DBA A  BAA   % ]%%D !AC	^ 		A  
DBA8!AC	%D	%A %AD	ABDDAB)3 FF
	B %%B 	A D %DAB"%DB%D D)DAB






 A   D D	AB) "B AB %DB	A  	BA 
		ADBA
8%A$  BAAB 	 	B AD "   	D
DADBAB"  !AC	 B)D	 		A   DBA %DBAA
  )AB	A:D.=BB$ B B	%A  D	AABA 
BAB D ABBA  BADBAD A B	A AA$  ADAB
  )AB	A DBAB %%DA 3FHFBA	AB"
=BB$ :D.  	B  % %BD 	B	$ A  DAD &%DB
@F(GA$%D	AAAD+%DBB"	ADB"&"AD
)DA ]%D AD	BD^  AB DDAB %DBDB,V %D BD$
+	D%B)BADK%D)D	A%D,@PRAA$
'666A;%BAADABDDD1%
%%D AB	A 	%BDB"   DBA 3  %%D ADAD A
  A (  $  %%	A  	A !
BA 		  D	A%DABB% 3 		AHB  )BA "
%%B &AD BA A DD  ADD   DAB HD(FEDB
 	AD " B  %A  	2ADB  DB" A 	B$ D
%%BAB A D AB  B  DBAB 	DA
AAB	A	BD
8 	A DA 3 BD  B	B D D	A
B)D	  FHF  :D.1  DBD %D BB	A  	%A 
%A D	ABD DBA&%DB	 ADD A&A BAB) A
"BE	DBDDDUAbDBAB	AB"
		ADBA
8 	A A  A	AB"  	A DBAB A
BADA)BA":D.ADBAB%B	AAB$"DC
&BA  DADBAB"  B))DA ADAD  		A  
DBA
""4BA	0DADBB
 &BA  	B	 BAD B	%DAA B  		A  
DBABB	%DADB"&"A&%&%BAA
< AD$ 	B 	A  BA   	 8%A$ B
AA	A3 DBA %DADBABB	AD
 &%BAAB DD<AD A 9	B	AB$ BABD








AB" 3  )B  GC BC %D %%DBAB   %D$ ! 
")BAB"$	BADBABBA
%UADBD%BA&B	ABADB "
A BADBC"	A !A	B" A DA 	   BA  
ADBA%D%D <AD A3 !D  B  A&A
B"A %D	BCDJABBB%DD
	D+BADB",$ADB%DB	;DB
NM @NM$ '66A 8DADB %D  AB   BBBA AB 
DB"$  %DB	 %%DA  DB  AD AB %D 	%DD 
DBAAB %DB %D :D.   	B  )AD 	B A
DBAB  DBA BADB @./0FA &BC	 JAB
BA %DAD & &	% BA 	9D B  < 8AA %DAB
DBD BB  ADBAB 3  ADBBC	 JAB "B !D 
"  AB BA D  %DAB" A  BB







BA     &%B =P.   D  HA FBAJ0B$ A
B	%DB DC %D	B  %DAB BB D"  D% 
DBAB 3 DBB  BA A D& 8 %	C A D$
%B"B	B)A	A	B	BBABD3ADDBBBA
&ADU	  %BB %B" 3  	DA  	AAA %D)B$





 )BA$  %DB	 B    B DA BDE C DF$
;DB NM AB	 "  BA 	D A "BAA AA  %DB
DB"  DD$ B	%A  ADA B AB 3 DD 
D%DABAB9"BADB$%DBD$DADB









–  DB  )D %DAB DY 3 D 	DBAB$  AD	
BA  %D  +%DDC AB" ))A  
DABBAB A  AD)D	AB  ADB A  DBAB, NM
B "  	DBAB AB" A "  !	%AK	 
AB%A%%D)D%%DAB&A+D
DABA, 8AA DB A BADBC"	A 	BA D  A
B	A	ADB	%DAADBA)DA$	B	A
&ADBAAB8&A!%DB"	ABBB
A  ABBA  B)B B   BADBA  &	%  BD
BABBB	A3%DBA
NM CD  	D  +%DB	   BA  DB",
EAKA "  DD 3 	%DD 		A D%DABD  DB$ AA
 BA BADD D +		A  DB" A  	 "B A
!A	AB"	A %DBA  D  %D  	DBAB 
%AJBUAD%%DB	$B	B$D	AB$B$A$ b B
A%DB)D	+))ABBAAA,$BADA"B





)	A	A  DB,   DADBA %D D BDDDBBBA$
DBBBBBA$ BABAD%DAAB%D!D V B
+%DUAA  AA %DABBCD	A & %D  )BBAB B,$
A&DA&DB%BB%	BA	%
B%BAB"V
– AA 	AAB  "  DB" AD2 + BAAB
B	,"BD%A"%DAB	ABBBA
B())A$ + DB" B3 	DBAB AAB &"B
 %DBA   %D)BAA, 8A +))A 	D,$ 	A  3
%DD  	%A %D  BA$ A % B"	A D %D 
	DDAB"	B	A%D+%DAADBAB	BA$
%ADB	BA)B,
J 8 %	C 	DA 	% 		A  +AB A
&%D%DBABB",ADBD& B"%ADB	BA%D)BA$
D B"  BADBBAB$ A A B 3   B	B
B  DB"   "   		A A  	A






J  %%	A AADAB DB" D	%A%DAA
%B"	D())A$DB"ABJ	U	9A
 A  )B1  +%D	B  %D, %D	AAA BB 
DD  DB 3 %DABD  DB" B" D$  %AB"
))B	2ADBD%DBBDD3AB"%A
)BA$ DB"AB)BBV 	DADD B)BB
DDB	B%D!)BD)ABB	BA$AA	
A  %DAD A A ! %AD  DB   D%BBA  D
AB F NM$  BA BA AD)DAB$ WAJ3JBD
+B%A  A&A   AB)AB  B 	B,





B$A UAD"BAD	B B$ AB" BAAB
	$ A  B"BAD	B UAD,  BBA
 B &ADU		A %DB& A DB  B %BAB"   BA 
DB"ABBABDB"VAD	2ADBA
 %D BAB DB"B%A BB  B) B
	9D 8JB DA %A % % AB  DB  
BBBA DAB	A B B))B	! 		BAB
	D)DAAAD%DA%DABAB	AA
BBBA%DD%%DA&DB"
J   DBD %BA  AA AB DD%  NM  )BA " +
DB" B	A D DCA BBCD D &%B1 "B
9"D ABA BD 		 %BAB" BA %BAB"  B	BAB
 +,  B 	U	  %D BADBBAB FBA	A$
%BB %B" A  %BAB" BADBA  ID  		A
AD%DB    %B)BAB   %DAB$ "B%	A AB"$
A,   DB"   % B"	A  ))A 	ADB 	B B
+B&$	B"A%BAB"BBA%D))ABBA&J	U	,
(A NM  BAD ))D	A  	D$  AB  %BA$ 
ADK%BAB"BBAD%DB$DAD&	D$
%%DBAB )DB	A$ %%	A%DD 9BBBD
DADBDABB	AD%DB %BDDB
 %BA3 %DBDA %DAD A DB"A$% D	A+
%AAB%BAB"AAD%,
  B  AD A "  %D  	DBAB A 
D)&B)%D BABA ADAD%D  DB"%B" BJ	U	
9A  "AB	A A  D	B     DB" BDA 









" ADBA %DAA 3 D)DD   BA  DB" A D





 	BCD%D;DBNM$A  ADD3B	%DAAA
BAB)B"? F "B"$  DBCD DADBAB" %DA %D NM
D BDA	A :D.   B	B %BAB"  DB" %%D2A
B		BA	A BABD BADB<.D$CB
D &%DB	A "  	BCD %BB"   %D	BD A	%  
DBAB$ %D<A  "A9DB )AD
AB %D 	%DD  AD  DAB AD :D. A  ADBA
%B"  D   )BBAB  %BAB" BADB BB " %D
D%%DA%%	A		DB	D<
:D. A BB 3  DB 		A  ADBA &DLA
D  ABBA BADB1  KA$  %DB D	ABD DBA
	A  ADBA %B"V  AD$  BAD   DB"
&%DB	%D %%AB$ %A &B$ ADBABD$
		DB D %A BD 	A 3 %DBBBD  )AB 




N!$DB!JJF A  ! BADAJB$ %D D "$  B	B
	B		A%BAB"DB"B3&%BAAB<*
 %D	BDC	ADBA	D'66cBA)DDB
 	BB DB $  	%!  AD%DB  AD& %B
%%A  D %D  )BA  < B	%DAA c D DDB$ 
%	%BDA)DDDADDB		BA%B
BAB DHB  B"	BA %DC "  DBDB BA 
DBA$  %D	BCD &%B  %DBA$ A  %	%BD A 
 
*   DB%AB   C	A A ABD      =F= @=!$
DD A B)D	AB D  BAA "B 	  ND !  DB"  A






D	 >" 	BA % AD$   &%B  %DBA$
A AA )BJB  A BADAB :D.  B		 BA 9A 3
%D&B	BA)BA))DD%DAB B		BABA
A  %D	A   BAB D  )D DB %D AD%DB 
AD&%B < A %%3  )B%D )BA3 BD BD	B
A 	A D%     B		$  " 	A
D  &%B BA % UAD BAB)B   %D	BD 	A
"UA A 	AD " AD%DB  AD& %B  B%BA % 
%D&<<b"B%BADBAABA%D
 DAB BAAB  			A  AD& @8A 3:D. @=F=
E565'A
 C	A ! %DBA  )DBD '66*$  "%
D%B"%	%BDAAD&%B)BA<FBA3
 %% DABA  D  < D  B %B"$  %	%BD
BADBA A B	BAA  %DB	CAD  DBA$ A " &%B 
%DB$ D '7$ %A "  DBDB A   BB 
%D%3%BDB		AAABA"&D%ADD"
)BA<A%B	A%DC	IDDD%D:D.=
AA$ AD 766 A 666%D A $A )A%DA
  %D  B  BBAD  %$  	B  9B BA$ 
B		 A " BA A %DBA A  %DAB	A 
DBDB"))D	A@=F=E5'*6A
( D  DAD B)D	AB 9BBBD$  %DABBD BA 3
BAN! @=F=EE*5A %D +	BB A D BABD$ A
DABBBA3	"	A3BAB%D
DBA,$  " %D :D. A A 	9D   	B
D	ABD  B	%A   AB D ABBA  BADBAD BAD
%D)BA	A  +D &%B,  +DB" B	A D, "
DBANM A %A 	B		A%BAB"  C	A"B DCA
 % B"	A   %CD 	B" %DB =BB$  	BBACD 
ADBAJBDDB3&BD%D	BDA	%!!A	AB"
 A  C	A DA D  D  BADBAB  < FB 
BABA%D	BDBD	D$B	D%	B"
)BA 	AD  ADADAB  %DAB" 	DB %D  B"




3 )BBD  %  DAB  		 3 D <  	2ADB







8 %D9A A  B	%DA  %D 	B & DB1 B A	B
AA D   A %B"  :D. DD  B 
%D)BB	 	BB		   %DA  %DAD  ADDB  %$ B
ADB  %%	A AB %D	AAA 3  )B  	BD
%B)BAB  BADAB %DD		 A  	BD B)D	AB 
AD	BBBADAB%3DBD
EBD AB 	9D A 	A A BBAB 3  	 
ADBA %B"  D  A	AB"  DBA BADB @=F=
E565'A1
–  DABBA B"1 AA %%BABB 3 B	%B)BD  DAB
AD  DA  AD& A &%BAA  D& BA   <
D 8A AB BA      DD%A 
D	&%BAAD&DADDBABD8%D9A
B3DD	BDABADDAA&%BAA






 BBAAB DBA DA &B%D "  AD%DB
%BABADBDDD&BADBAB<V
–  D%BBAB D)D  	2AD D1    BAB
AD% B	%DB  D&$ 	A AA D  "UA BA 3 
BAD3DBDA$ 	2ADD%DBAB	D
DD %%	ABD D %BAB D&%DAD	BD 
%BAB%&A%BV
–  %%	A   BAB  D&1 AA 	D B 3
	%AD %DA A 3%%D%DAB"%DAB D%D
%DB  D& %D ABBAB  D%CD :EF ( A 	B  ID
%B'66	AABD%B)BV
–  )BBAB  AB" BADAB 4D 1  & 	
%DABDBB"&	ADB	BBADB)$			B
%BDAD$ A 3 %%D %D D)DD  DBA D  AD& 3
%D&B	BA  D&  BADBAB  < 8 A!%  	ADB A
A	A  D  DBAB A A  %  % )D"		A
ABB
ADC	AABB)BAB	A B	%A %DAB"	DB






BAB  )A DB 3B9  )BA 	DA   @=F= '77A$ %D
BADBD ABBAB   	ADB AD% )DB  &%BAAB AD
	AA&%DB	B	%DAAB	%AD%DAB"=BB$
AAJ3B	%D%DB	AAB<DD
%D  )BA %D B	BAD  	&B		  DB" &%B  ADB	A 




:D.ADBAB BADA&A BA ADC	D"%D
AB D  %DB	   BA  DB"  BBABBA  DAB
BA 	9D AD2 BB  DBBB)BAB  D D	ABD 











A9D &BA  AD%DB$  DBAB BA B	%DAA
	A%DDDDBBD	 %DAAB
 BB  %D D AA )AB %DABBCD A )BD  B AD
%%DAB$  AD A  B%BAB)  AB BDA   %D	BCD
JAB%D%DAADADB)BBABA%DAAB
ABAAAB%%DABDADB%D
 DBB "B  D %A B" "3 	D   &BC	 J
AB"A3BADD3A	AB"ADDBAVAA
AB A %%D AB  "AD	BC DBB  )D	"
%D %%DAB   DBAB ()B$  DBCD JAB 
)BD  B AD  & AB  %%A  AB  B%BAB) 









  ADB   DBB A  %A D 9   	B 
!  )AD  DB"  DBAB ( D%AD AA  
DAB ADBD  	C BA$  %D%  DBB














– EA ! 1  %BA  DBAB 3 BD  "B )A DDD
%D	A%DBDC	ABDV
– '"AA&"!%A1 BBA%D DBABBD"B )A )BD
BAAB8AA%BABADAB	A3D%DABAB
DDABABD3ABDB
  DBCD )AB 	9D DB   %BA %%DAB 8AA
)AB A D B 3  %BA  D%  DBAB 1











( D)D 	C   HB'6$ B A %B  BDD " 
ADB)AB)A%DAB!AC	%BADBAB(A
BBDADBA	AB)D	AB%DAD$%DD$D
  %DB  BB  %%DAB AD  %   	C %D
BAD	BBD   		BD BD 3  BB$  "B DD% 
B&BC	BADBD!AC	@ HB$5A
0D$		BDDD		BABBBBA$
%D &AB$  DBAB 0 %A D %DD  		BD
DBAB$ WAJ3JBD  +AA DAA  ABBA BAB
DD%A  B DBAB$ WAJ3JBD  B
%DABA%DABBADBAB3AB&%DDAA
%B)B", @:BDJFB$ #A 8AA 		BD %A  	%D  ADB
ADB@:BDJFB$#A1




–  & "AA"&%A$%DADBDJ)BD$	ADBB%D%DD
	B%BA%DDBABV
–  & "A%?# !%DAD+BD")BD,(D%D	B
 %D%AB  C	A A  %BA 3 BAD%DAD  A&A %D
%DB"%%D		A3ID
FB  		BD  9	A DD% 3  %BA  D% 
DBAB$ B A %B  DAAD  & AD A!% 		BD &
AD )AB   DBB$ AB %D / A S =BB$ 
		BD DAB DD%J 3  )AB ABB%AB1  	%BAB
 BD %D	ABAB)BD  %BA )B DBAB	B 3 %D
D C	A % 	B 	A$ %D  DB	A  D&$ 
%BA )B"BA%A)DA3)B>A3		BD
%DD$BDBA%BDAAD3)ABAAAB1%%BAB
%DDA DC%D%D	ABAB)BD "B )A DDD
	B%DBADAD)B	BB%D%D	BD
DBA A  %BA )DA   %BAB"  DBA 	B  % %D
DBAB8AAD%DABABAB4D%&B
 %%DAB A  DBD$  ABAAB  		BD










  	B  %  %D ADD %%DAB  DB  
DBA%%DBDAB	DBAB@/A
$'66AFA3BAB)BDBABB
  BAB  % BA A  BA  B%D  	D





 %BAB"  DBA A$ % D	A$  %D BBB
%%DABADAD&%DBFB DBABABA B	%B$ 











& %	C ! A )BB %D  D ADB" D "
D%A	A! A$)A!	C
3%%DABBB@+AE/%0F+AE/A$ST .ST A
8AA %%D AABAB" A  D  	D C	A  BD
%D DD  A 	%A  DB" %A D  DBAB A
DBABCD%D	BD	CBAB4DA)AB	A
F/AS$BA%DABB1 BA %








  D %D	AAA  ADD  B	BA ( %DBBBA 





DAB D FDE A  DD   "ABAAB$  ABA 
%D%BABA)B!V
– $ !A"!- !  %D)D B	% A%D
 	B	  %DAB A  		BAB AD  AD 
!AC	  DBA A  ))A  DAA	D DBAB3
  DBAB$ BAD   B  BD	A
 AB  D  DBAB D% D  %DB  	%A 
B))DA )AD 		  	%ABBBA  9AB)  " AD
B	%B"   AY$  %DA  DD 		$  %ABA
D%AB  AD  D  AD  BADAB "B %A UAD
!D$ B	%B"A  D%%DA BDA$  !D  DB 
B	A)ABAD/DD3ABB
C$ BA  %DA  D)DAB )AB A- 
D%DAAB BAB   AY D$ %D &%B"D  C 
	B	DBABV
– $"!"!!$&% &! %!,E%!-ADBDBB
%"ABAD1		A%%DDC	ABDB
FHFDBA3BAD	9DBA? ABDB%%	A
 !AC	))B D%DAB%D	AAA%%DAB%D	A$ 3
B	,DAEDA	E&EDFE@=FFFA8B")ADC
%DA!%!AC	ABAB)B1
  %BBBA D & %DAD FA C   D	AD " 












– $ A"! % A,-  DBD %BA A  A   %
B	%DAAD9BAA	AB"%%%DADB	AB
  %D%AB  DB" %D  BBB A  B	%A D D
	%DA	A DBDAD%D%ABADDB"








8AA %DAAB   AB %%DAB A  %DBB%  
DBAB ABA  %D	BCD A% D DAB  AB
BA)&DB"B3&%BAAB<A%ABD
%DD AA D)&B DBD	A!A )BA DBD AB
%D%ABDB"AAD	BAADAAABA$B%%D2A




&D  %AB A  D	A&  BADA$ %AB 
	%&B)BDBABABAD%D9%DAADABBAB)B" 
BAB)BBABA%ABAA9D	DD3%DBA
  %D	BD %DD%  BB  %D D  )BBAB   AD 
DBAA %DAD B))DAAD$ !A A9D B 
BA   ABBAB BAB)B" 8AA B	BA D$ B A AA)B
%B	BBD%ADBD)&BADAB1BBA
%B   ADD  BDA 3 ADD  B%BAB) %DAB"  
 %DD%  BB BADD & AB  AB$ A  
AD  A	B  %D	CAD  AD	B B ))AD  AA
	U	 AD %D	AAD  	%DD 		A  %AB B		ADB
%ABADBDD
#":;<=%ADDBA&
  %A  AD  DBA A DAB	A DA F %D	BCD
)D	AB A B  	B  BD$ 3  BA  BA 
D! BABAB	3AABBA))A	AD
)B AB$ A B J3  DDD  %DAD  ADDB$
ADBA %D  %DBD 3 )DBD  DDBCD  DBA &BAA  
"AB AD% BD%D"B B	%DADDBCDBA
BBADABB%DD%ADD
 =ADAB(DB=A	B"@=(=A%B	A3
 BA   DD   AD  4DA$ AD	 %D%D  BD A
B	B3DBA$A)BB		+W	DADBAB"A
AABA "B$   DB	 A <  BBB$ )A "  "AB
DAB34DAADBD)BBA$%DBDBA$WAAAB












  D$  AD  DBA A ABA  ./0 A 
	%DA	A   %D	BD A B	B & %A B		ADB  
AD1 B DDA 	  D%DAAB "A  AD 3 
B))DA B&  D ABBA$  D DAB  D BDDB  
ADB&"BA9A	ADK		BDAB
=BB$ B "B% ADB D%DA 	B	AB 
AD	BBDA%ABDBA%D%D%AAB
		BD  BA %$  D  D	A  BBB 
	%A
  	%DA	A A "A 3 &  	B)AAB %!B"$ A 
D$DBBBAAB($BAAA	A
AD	B %D  D A  D%DAAB B  DB"  %A
BB%DD&)D	%DBB% 	%DA	ABBDC
DBADD%A3ABDBAD$"B	A	%D
%DD 		 )AD  DBA  DBABV  	%DA	A
BBABAB DCA "A 3 &   DBA D$ WAJ3JBD D%D 
%DAD  ADDB  )AB  BAB  ADB  " B




BAD	BBD  	%DA	A 	B 8AA B))D AD 	A









Le plus visible Intermédiaire Le plus profond 
Modèle de Schein Comportements 












être déduites des 
comportements 




pouvant ne pas être 
exprimées 
consciemment 
Modèles de Deal 









Niveau stratégique : 
croyances stratégiques 
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Mode brouillé Les actions sont choisies de façon aléatoire avec peu, voire 
aucune, réflexion ou cognition 
Mode opportuniste Le contexte n’est pas clairement compris ou le temps imparti est 
trop limité. L’acteur agit en fonction des dispositifs les plus 
évidents de l’interface homme-machine ou par ceux qu’il a 
l’habitude d’utiliser. 
Mode tactique L’action est guidée par un ensemble de procédures ou par des 
instructions connues de l’opérateur. La réalisation de l’action n’est 
cependant pas instinctive. 
Mode stratégique Les actions sont choisies après une prise en compte réfléchie du 
contexte dans son ensemble. 
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CPC Evaluation de la condition Effet sur la 
performance 
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Influencent le projet Délégation Maîtrise des 
Risques 
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CRC Mines ParisTech 
MEDDTL 
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Influencent et sont affectés 
par le projet 
Salariés de sites pilotes 
Chefs d’Exploitation 
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Test d'intégration Essais sur sites pilotes 
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Simulateur d’étude Simulateur d’entraînement Simulateur scientifique 
Repose sur la modélisation 
mathématique. Il permet : 
 d’évaluer les performances 
d’un système en cours de 
conception ; 
 de former des opérateurs ; 
  de valider des 
équipements et des systèmes 
par des tests en situations 
normales ou extrêmes.  
Ce type permet :  
 d’assurer une formation 
initiale sans mobiliser des 
infrastructures coûteuses et 
sans risques ;  
 de former des techniciens 
déjà expérimentés à 
l’utilisation et l’entretien d’un 
matériel sophistiqué ; 
 de réaliser des tests de 
vigilance, de stress et de 
résistance à la fatigue.  
Ce type de simulateur permet 
d’étudier le déroulement de 
processus difficiles à 
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Déroulement du REX Démarche inversée 
Evènement Quels sont les indicateurs jugés 
nécessaires à développer ? Description 
Analyse A quelles demandes le système devra-
t-il répondre ? Saisie 
Traitement Quel sera le contenu de la base de 
données et comment l’organiser ? Production d’indicateurs 
Réponse aux requêtes Quels sont les évènements à retenir, 
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Modalités de mise 
en œuvre 
Convergence 
culturelle, partage des 
objectifs, disponibilité 




















disponibilité de temps, 













Limité Convergence culturelle 
faible, niveau de 













Autorité Parce que 
c’est une 
obligation 
Imposition Aucun Présence d’un pouvoir 
hiérarchique, fort sens 
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Modèle de Dekker Application de GrDF 
Crise : paralysie de la conception 
ancienne 
Oui : 
Crise due à plusieurs accidents majeurs 
remettant en cause le statut de référence 
de GrDF 
Déconstruire l’interprétation d’origine 
Oui : 
Remise en cause officielle de la 
suprématie de l’approche technique et 
procédurale de la sécurité ; adhésion à la 
théorie des FHOSI 
Mettre fin aux pratiques d’origine 
Non : 
Perpétuation des politiques d’origine en 
parallèle de l’insertion de la conception 
nouvelle mais réaffirmation des 
fondamentaux du professionnalisme 
Identifier la source de la sécurité 
Oui/non : 
Prise en compte partielle : intégration de 
la notion d’environnement en lien avec 
celle de comportements, mais 
persistance de la croyance dominante 
dans la sanction et le respect de la 
procédure 
Développement de nouvelles contre-
mesures 
Oui/non : 
Développement de nouveaux outils 
d’analyse d’accident portant la nouvelle 
conception 
Apprendre à apprendre 
En cours de développement. Eléments 
de résultats encore trop récents pour en 
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Niveaux de référence 
Universel Organisationnel Individuel 
Le changement 
comme valeur 
Le changement comme 
nécessité 
Le changement est 
jugé rationnel 
Le changement est vu 
comme le résultat de la 
capacité de 
l’organisation 
Le changement est 
jugé d’un point de 
vue émotionnel 
Le changement comme 
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Invalidité des hypothèses 
de la rationalité 
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× 
   
Obstacles à la diffusion 
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Existence de microcultures 
à tendances centrifuges    × 
Transversalité du REX × 
   
Opposition entre la logique 
du REX et les cultures des 
sous groupes 
   
× 
Manque de simplicité de 
l’outil   ×  
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Mots clés : GrDF, facteurs humain et organisationnel, CREAM, retour d’expérience, simulateur, 
gestion des risques, réseau distribution de gaz naturel. 
 
A company facing the challenge of human and organizational factors 
ABSTRACT : The industrial era and the subsequent development of the first modern socio-
technical systems led to the necessity of taking risk into account. This concept, thought before 
the French Revolution on a theological basis, had to evolve in a more scientific direction. If the 
technical aspect focused interest at first, the human and organizational dimension had to be 
integrated, following major accidents. Risk management is a major concern for GrDF due to the 
nature of natural gas. Created recently, this company inherited a strong preoccupation for the 
reduction of risks. However, recent events demonstrated the existence of a threshold in this 
progression. The need for change led to the development of two important projects concerning 
the learning from past experience process and the formation process. First results show that a 
major evolution is reshaping managerial and field behaviors. Some perduring limits illustrates 
however that this change process faces strong resistance from an organization structured 
around the paradigm of technical safety. This case study first aims at identifying the key factors 
of success in such a process by developing a better understanding of managerial and 
operational trade-offs through observation.  

Keywords : gas network management, human and organisational factors, CREAM, common 
performance conditions, accident analysis
